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 Retention ponds and mitigation wetlands have become more common throughout the 
urban and suburban landscape for stormwater management and nutrient removal.   It is well 
known that wetlands can effectively remove nitrogen and phosphorus, but the effect of wetlands 
on dissolved organic matter (DOM) and its impact on water quality is often overlooked, in spite 
of the importance of DOM in aquatic ecosystems. We seasonally sampled the inflow and outflow 
of five natural wetlands, five created wetlands and ten stormwater retention ponds in the urban 
and suburban environment of Monroe County, New York, for dissolved organic carbon (DOC), 
dissolved organic nitrogen (DON), nitrate, ammonium, dissolved organic phosphorus (DOP), 
and phosphate to analyze how the quantity and quality of DOC, DON, and DOP change upon 
transit through wetland types. Vegetation community composition, wetland bathymetry and 
hydraulic retention time were also measured.  DOC was similarly exported by all three types of 
wetlands, but there was significant seasonal variability with higher export in the spring and lower 
export in the winter. There was also a general trend of DON retention and DOP export, but only 
indirect evidence that the concentration of DON was related to season and DOP was related to 
the interaction between season and wetland type. There was a significant negative relationship 
between hydraulic residence time (HRT) and DOC to DON ratio, suggesting that the deeper 
retention ponds that lacked vascular plants are exporting more labile organic matter, while 
shallow wetlands with significant vegetation cover export more refractory organic matter.  These 
results suggest that small wetlands are important in the quantity and quality of DOM export to 






 Wetlands ecosystem functions are widely recognized for the many important services 
they provide.  These services include; stormwater retention, groundwater recharge, nutrient 
removal, and wildlife habitat.  As a result, wetlands have the greatest financial value of all 
terrestrial ecosystems (Costanza et. al, 1997).  Treatment wetlands are one example of 
constructed wetlands that have been built with the intention of improving water quality, and in 
particular for removal of nitrogen (N) and/or phosphorous (P), biochemical oxygen demand 
(BOD), enteric viruses, and turbidity (solids)  (Kadlec & Wallace, 2008).  The recognition of this 
value in recent decades has lead to the design and construction of wetlands to fulfill one or more 
of these roles within the developed landscape.    
Stormwater Pollution Control 
In 1987 the Clean Water Act was amended to address the control of stormwater pollution.  
It was put into effect in two phases (U.S. Clean Water Act, 2002).  Phase I began in 1990 and 
covers medium to large cities.  Phase II went into effect in 1999 and covers small communities 
and commercial development.   Most municipalities and jurisdictions fall under Phase II 
regulations and must develop stormwater management plans, perform regular 
inspections/monitoring of stormwater discharge, and obtain National Pollution Discharge 
Elimination System (NPDES) permits for their discharge.  As a result, many municipalities 
either require or encourage the use of retention and detention ponds in new construction projects 
in order to protect water quality in receiving waters.   
 Small constructed wetlands, whether emergent marshes or freshwater ponds, are now 
becoming increasingly common throughout the developed landscape.  Wetlands are regulated by 
the Army Corps of Engineers under the Clean Water Act (33 U.S. Code Part 1344) and Rivers 
and Harbors Act (U.S. Code Part 403).  The Army Corps of Engineers must permit any 
development action that impacts a wetland, especially filling or dredging.  The Food Security 
Act of 1985 (16 U.S.C. 3801-3862) discouraged draining or filling wetlands for agricultural 
purposes.  The policy of “no net loss” of wetland area began out of this bill.  New wetlands are 




agriculture.  Often permits can be obtained for filling existing wetlands as long as mitigation, 
usually in the form of creating wetland area elsewhere, is implemented. 
Dissolved Organic Matter in Aquatic Ecosystems 
Dissolved Organic Matter (DOM) is a large suite of biologically derived compounds.  
DOM is functionally defined as any organic compound that passes through a certain size filter, 
usually 0.45 µm (Drever, 1997).  There are so many different compounds of varying complexity 
that make up DOM that a detailed analysis of compounds for any particular water body is not 
practical (Findlay, 2006).  As a result, DOM is generally classified into two categories: humic 
compounds and non-humic compounds. 
Non-humic compounds are generally low molecular weight, transparent, and highly 
labile.  They include proteins, lipids, carbohydrates, and amino acids among other types of 
compounds (Findlay and Sinsabaugh, 1999).  Non-humic compounds are generally quickly 
consumed by heterotrophic organisms.  These substances are often transformed into humic 
compounds when consumed (Dodds, 2002).   
Humic compounds are yellow to black in color, have a high molecular weight, and are 
refractory (Drever, 1997).  These compounds are what give some waters their characteristic “tea-
like” color and are almost always terrestrial (allochthonous) in origin (Drever, 1997).  Humic 
substances are derived from the breakdown of very large organic molecules such as lignins, 
celluloses, and tannins and are very resistant to biodegradation.  In addition, some humic 
compounds have very distinctive properties, including the ability to bind to organic pollutants 
and heavy metals, and absorbing solar radiation (Dodds, 2002).  The ability to bind to organic 
pollutants and heavy metals helps keep metals like iron in solution, and plays an important role 
in the transport of iron and other heavy metals through the ecosystem.  The ability of humic 
compounds to absorb solar radiation regulates the available sunlight for photosynthetic 
organisms, limiting primary producers such as algae and aquatic plants.  This also protects many 
aquatic organisms from UV radiation (Dodds, 2002).    
DOM compounds are an important source of nutrients for the aquatic environment.  It has 
long been acknowledged that heterotrophic microorganisms utilize DOM as an important energy 




become a nutrient and energy source.  For example, some specialized wetland bacteria produce 
phenol oxidase to breakdown the aromatic compound phenol in order to make the carbon 
available for consumption (Freeman et al, 2004).  In addition, when DOM compounds are 
degraded, labile forms of N and P are also released and taken up by microorganisms (Findlay, 
2006).  DOM is a vital component of the aquatic ecosystem. It is consumed, produced, and 
transformed in the wetland ecosystem.  Those transformations have a critical impact on 
downstream water bodies. 
DOM in Wetlands 
 There are many factors that affect the concentration of DOM in freshwater wetlands.  
Terrestrial inputs of DOM primarily come from terrestrial leaf litter, and soils (Mattson, 2005).  
Within the wetland there are a number of complex biogeochemical processes both acting on 
allochthonous DOM and producing new DOM (autochthonous).  These processes include 
biological degradation, mineralization, photodegradation, and leaching from plant material, 
algae, and bacteria (Barber et al, 2001).   Studies have shown that wetlands can reduce DOM 
concentrations, but more importantly the DOM is transformed into less labile more refractory 
DOM (Pinney et al, 2000).   
The largest component of DOM is carbon, which comprises roughly 50% of DOM by 
molecular weight.  Wetlands only cover a small amount of the terrestrial landscape, 2 – 6 %, but 
contain a significant portion of the global carbon pool (Kayranli et al., 2010).  The biggest source 
of carbon to wetlands is uptake of CO2 by autotrophs as gross primary productivity (Megonigal 
& Neubauer, 2009).  A smaller portion of carbon inputs into wetlands is from allochthonous 
sources (Megonical & Neubauer, 2009).   
Carbon undergoes many complex transformations within the wetland.  Decomposition of 
plant material and respiration releases the majority of the carbon back into the atmosphere as 
CO2 and methane (Bridgham et al, 2006).  When primary production rates exceed decomposition 
rates a buildup of organic material occurs, this can lead to a lack of oxygen causing 
decomposition to slow even further promoting storage and sequestration of carbon (Holden, 
2005). Lastly, some of the carbon in the biomass can be leached into the water column as DOC 




Whether the wetland is naturally occurring, created or a stormwater retention pond, a 
significant proportion of the organic carbon inputs to the wetland are allochthonous. DOC and 
particulate organic carbon (POC) enter the wetland from the surrounding terrestrial landscape.  
The quantity and quality of the DOC and POC may vary based on the surrounding land use.  
Plants and algae take up CO2 from the atmosphere, which is transformed into POC, DOC, and 
respired gasses through the processes of photosynthesis and subsequent respiration and 
decomposition.  Bacteria, algae, and plankton utilize DOC and incorporate it into biomass as 
POC.  There is also some evidence that submerged macrophytes utilize DOC (Van Engeland et 
al, 2013).  Bacteria and invertebrates act on POC to release gases and DOC, but some refractory 
POC is buried in the sediment.   
Not all wetlands behave in exactly the same way.  Treatment wetlands with shorter 
hydraulic residence times (HRTs) at first glance appear more effective at removing DOC as the 
more labile DOC is taken up quickly, while wetlands with longer HRTs will export more plant 
based and higher molecular weight DOC (Pinney, 2000).  Wetlands with short HRTs should be 
moderately effective at removing DOC since the labile DOC is taken up quickly and the more 
recalcitrant humic DOC compounds do not have much chance to leach from plant material. 
However, the type of wetland matters, and studies using carbon isotopes have revealed that 
created wetlands export older DOC that had been previously sequestered in the disturbed soil 
decades earlier (Stern et al, 2007).  This may counteract any potential DOC uptake of the created 
wetlands and stormwater retention ponds. 
Nitrogen in the aquatic environment 
 Nitrogen (N) is a nutrient of primary concern in marine coastal areas as it leads to 
eutrophication and hypoxia in coastal ecosystems.  For instance the persistent Gulf of Mexico 
hypoxic zone routinely reaches 21,000 km
2
 (Rablais et al, 2002).  The largest source of N in the 
aquatic ecosystem is anthropogenic pollution (Galloway and Cowling, 2002).  How a wetland 
affects N is important to understanding water quality of receiving waters.   
 Nitrogen inputs to a wetland come from atmospheric deposition, fixation, and hydrologic 
leaching from terrestrial environments (Bowden, 1986).  The majority of atmospheric deposition 








N loading from allochthonous sources is only a factor where the flow has an opportunity to 
interact with the wetland biota.  In channelized saltwater wetlands during times when the flow 
does not have as much opportunity to interact with the biota, NH4
+
 concentrations were 
unchanged (Tobias & Neubauer, 2009).  It stands to reason that this is also true for freshwater 
wetlands, if the flow through the wetland does not have much chance to interact with the biota 
then N levels will not change. 
 The largest and most important pool of N in the wetland is in organic form locked up in 
the plant biomass (Bowden, 1986).  The majority of the N needed to meet demand comes from 
internal cycling.  Microbial immobilization of NH4
+
 into particulate organic matter is a vital 





) are highly labile and in wetland environments are turned over quickly; as a 
result concentrations in the water column are typically very low (Bowden, 1986).  In constructed 
wetlands N cycling appears to depend on soil quality and the presence of organic C (Wolf et al, 
2011).  If the soil had adequate organic material, N cycling is almost or just as efficient as the 
natural wetlands (Wolf et al, 2011).  However, in young and/or created wetlands with little 
organic matter, N cycling in the wetland is not as efficient as the natural wetland, suggesting a 
strong link between the cycling of N and C in freshwater wetlands.   
Phosphorous in the aquatic environment 
 In freshwater ecosystems the limitation of primary production by P leads to 
eutrophication upon excess P loading. Much like N, anthropogenic activity has increased the 
availability of P, mainly through the use of fertilizers (Bowden, 1984).  The main source of P 




is highly labile and taken 
up quickly and in environments where PO4
3- 
is limited plants and microbes secrete the enzyme 
phosphatase (Megonigal and Neubauer, 2009).   Phosphatase mineralizes organic P into an 
inorganic form (i.e. PO4
3-
) to make it available for biological uptake.   
 In addition to biological uptake there are chemical factors that contribute to P 
sequestration in wetlands.  One such mechanism that effectively sequesters P is the oxidation of 
Fe(II) to Fe(III), leading to the formation of minerals that sorb PO4
3-
, allowing it to be buried in 




centuries (Megonigal and Neubauer, 2009).  Created wetlands have been demonstrated to reduce 
both total P and PO4
3-
 from inflow to outflow (Nairn and Mitsch, 2000).  The most important 
factors affecting P removal appear to be sedimentation and macrophyte productivity.  Some 
created wetlands have successfully removed P for several years after construction, but by the 10
th
 
year the wetlands no longer retained P, largely because sediment was also no longer retained  
(Mitsch et al, 2005).  
DOM as precursors to Disinfection Byproducts in Drinking Water 
 Access to clean drinking water is essential for protecting public health.  Some sources of 
drinking water may contain disease-causing pathogens, making disinfection necessary prior to 
drinking water distribution.  Disinfection of drinking water in the U.S. has reduced the incidence 
of cholera by 90%, typhoid by 80%, and amoebic dysentery by 50% (Karlin, 1999).   Some 
common disinfectants being used by public water suppliers are chlorine, chlorine dioxide, 
chloramines, and ozone.  These are all strong oxidizers and can react with DOM compounds 
producing disinfection by-products (DBPs).   Each of these disinfection methods creates its own 
unique suite of DBP compounds (Richardson & Postigo, 2012).   
 One of most common groups of DBPs and biggest concerns for public water supply 
managers is a class of carcinogenic compounds known as trihalomethanes (THMs). THMs are 
suspected to be carcinogenic (McGeehin et. al., 1993), leading to current USEPA standards for 
total concentration of THMs in drinking water of 80 µg/L, or 80 parts per billion (USEPA, 
2010).    
 Disinfection byproducts that have recently become of equal or greater concern are formed 
from the reaction of chlorine with DON to form a class of compounds known as haloacetonitriles 
(HANs) (Diaz, et al, 2008).  HANs are of special concern because they are considered to be 
mutagenic (Richardson, 2003), genotoxic and may cause defects of the reproductive system 
(Dodds et. al., 1999).    They may be even more toxic than THMs, especially the brominated 
forms of HANs (Richardson, 2003).  One particular HAN, trichloroacetonitrile, has a provisional 
guideline published by the World Health Organization (WHO) in drinking water of only 1 µg/L, 




 There are many other DBPs that form with the reaction of some form disinfection with 
DOM (Singer, 1994).  Disinfection could be achieved with minimal chemical reactions by UV 
radiation but this is much more energy intensive and expensive than chemical treatment, and 
may not be totally effective by itself (Singer, 1994).  The most practical option for municipal 
water suppliers is to reduce DOM in supply water before treatment.  As urban sprawl continues 
and land cover becomes more developed DOM export to lakes and rivers that supply drinking 
water could continue to rise.  Small wetlands that retain DOM may be an effective and 
inexpensive means of controlling DOM levels in drinking water, minimizing the need for 
removal of DOM before treatment. 
Increased Dissolved Organic Matter Export 
DOM export from watersheds has been on the rise in Europe and North America  for the 
past few decades (Worrall et al, 2003; Schindler et al, 1997; and Freeman et al 2001).  One 
potential cause that has been suggested is global climate change (Laudon et al, 2012).  How 
climate change affects DOM export is still debatable, however and there are several potential 
factors that may affect DOM export.  Increasing CO2 concentrations can lead to increases in soil 
C (Smith and Shugart, 1993).  Increased temperatures may lead to increasing decomposition and 
primary productivity (Freeman et al, 2001 & Tipping et al, 1999).  Also, changing precipitation 
patterns, as a result of climate change, may cause increased leaching of DOC from the soil 
(Haaland et al, 2008)).   
There may be other anthropogenic influences unrelated to global climate change that 
impact DOM export, for instance land cover changes.  Humans have had a large impact on land 
cover, including deforestation, agricultural development, and urbanization.  The removal of the 
natural landscape in favor of agriculture can lead to increased DON and lower DOC:DON ratios, 
while an urban, built environment leads to lower total DOC levels and higher DOP  
concentrations  (Mattson et al, 2009).  There is also a theory that improved air quality standards 
and the resulting reduction in acid rain is leading to greater DOC export.  In North America and 
Europe, SO4
2-
 emissions of have declined since the 1970s and are strongly correlated to areas of 




Objectives and Hypotheses 
This project will study how DOM is processed in small natural wetlands, small created 
wetlands, and stormwater retention ponds.  The changes in DOM and inorganic nutrients as the 
water travels through the wetlands will be measured seasonally to determine if the wetlands act 
as a sink or a source of DOM to receiving water bodies.  
 
Objective 1) Determine if stormwater retention ponds and small wetlands export or remove 
 DOM from aquatic environments. 
Hypothesis: 
Table 1.  Predictions for the change in different types of DOM for each type of wetland.  An 
upward pointing arrow indicates and increase in the parameter, a downward facing arrow 
indicates a decrease, and a sideways arrow indicates no change. 
 
 DOC DON DOP 
Natural Wetland → ↓ ↓ 
Created Wetland ↑ ↓ ↓ 
Retention Pond ↑ ↑ ↑ 
 
I expect that natural wetlands will be dominated by macrophytes and will have a larger 
number of plant species than either created wetlands and retention ponds.  As a result I expect 
that natural wetlands will reduce DON and DOP for use as nutrients through remineralization, 
while DOC will be largely unchanged.  Any DOC that is retained within the wetland either 
through physical processes or biological processes should be offset by leaching and 
decomposition of vegetation. 
Created wetlands should perform similar functions of natural wetlands but with some 
minor differences.  I expect to see less vegetation diversity and percent cover in created wetlands 
than in natural wetlands.  Due to releases of C from the disturbed soil, DOC export should be 
increased.   However C plays an important role in N and P cycling, and when C:N ratios are 
increased the cycling of N in the aquatic ecosystem is hindered (Dodds et al, 2004).  As a result 




be reduced as much in created wetlands as in natural wetlands, and a correlation with vegetation 
cover. 
Stormwater retention ponds will see an increase in DOC for the same reason as created 
wetlands.  The disturbed soil will leach C into the water column and increase DOC 
concentrations.  Retention ponds are typically maintained with little or no vegetation as a result 
there will be little uptake and retention of N and P.  Without any macrophytes the only biological 
uptake of N and P will be microbes and algae.  I expect to see an increase in DON and DOP as 
inorganic nutrients are quickly consumed by microbes and algae and rapidly released as DON 
and DOP by leaching and decomposition of the short lived organisms. 
 
Objective 2) Determine how each type of wetland affects the composition of DOM that is 
exported from wetlands and ponds. 
 
Hypothesis: 
Table 2. Predictions for the change in ratios for each wetland type.  An upward pointing arrow 
indicates and increase in the parameter, a downward facing arrow indicates a decrease, and a 
sideways arrow indicates no change. 
 
 DOC:DON DON:DOP DOC:DOP 
Natural Wetlands ↑ ↑ ↑ 
Created Wetlands ↑ ↑ ↑ 
Retention Ponds ↓ ↓ ↓ 
 
Due to reductions in DON and DOP but a lack of change in DOC natural wetlands will 
see increases DOC:DON and DOC:DOP ratios.  As a result of P being the limiting nutrient in 
freshwater ecosystems, I expect the change in DOP to be the driver of the DON:DOP ratio.  The 
biological uptake of DON and DOP and humification by microbes will increase ratios and shift 
the DOM content to more humic less labile forms that are more heavily C.   
Created wetlands will also see increases in DOC:DON, and DOC:DOP ratios.  However, 




uptake of N and P.  DON:DOP will still be increased for the same reason as it will in natural 
wetlands.  As the limiting nutrient P will be the driver in the DON:DOP ratio.  
Since I expect to see increases in DOC, DON and DOP in stormwater retention ponds, I 
expect to see increases in the ratios. Since N and P are the more limiting nutrients and C is 
abundant the increases in N and P will drive the decrease in the ratios with DOC.   
 
Objective 3) Determine if physical metrics (HRT and SA/V) are good predictors of a small  
wetlands and retention ponds effects on the composition of DOM. 
 
Hypothesis:   
Table 3. Predictions of change in ratios as HRT and SA/V increase. An upward pointing arrow 
indicates and increase in the parameter, a downward facing arrow indicates a decrease, and a 
sideways arrow indicates no change. 
 
 DOC:DON DON:DOP DOC:DOP 
↑  HRT ↑ ↑ ↑ 
↑  SA/V ↑ ↑ ↑ 
  
As a wetland has a longer HRT I expect to see increases in the ratios.  A longer HRT gives the 
wetland biota greater opportunity to act on DOM.  HRT is determined by the rate of inflow and 
the volume of the wetland, which determines how long it takes for water to flow through the 
wetland.  However HRT is indirectly related to SA/V and a long HRT could just mean a large 
volume and also a deeper wetland with less vegetation and lower SA/V.  In a high SA:V ratio the 
wetland is more likely to be more spread out and shallow which will allow more opportunity for 





Materials and Methods 
Site Selection 
Sites were selected using a series of selection criteria applied to the wetland ponds of 
Monroe County (Table 1).  The sites selected had a pond surface area less than 5 acres, with the 
exception of one site, Tamarack Swamp that is 5.1 acres (Table 1).  Each site had a distinct water 
inflow (influent) and outflow (effluent) comprised of a channel, ditch, or pipe.  In order to 
distinguish between a constructed wetland and a stormwater retention pond, I distinguished 
between its constructed purpose and level of management.  A “retention pond” was constructed 
for the sole purpose of meeting stormwater management requirements and is typically actively 
and intensively maintained by trimming and/or removing vegetation in and around the pond.  A 
“constructed wetland” was built to mitigate for the loss of or impacts to a wetland elsewhere and 
had specific targets for plant species and water depth.  Following the required monitoring period 
(typically five years), these wetlands most often have a minimum of maintenance activity 
allowing the vegetation in and around the pond to have a more wild appearance.  It is important 
to note, however, that even the natural wetlands selected for this study are not free from human 
disturbance.  Either due to their proximity to development or past land uses they have all been 
impacted in some way, and all wetlands in this study occur in urban and suburban areas with 
roadways, housing and commercial development, agriculture, and other human land use in the 
watershed.  The distinction between the natural and constructed wetlands is that the constructed 
wetlands occur by design and the natural wetlands by the circumstances of their environment.  
There are 5 natural wetlands, 5 created wetlands, and 10 retention ponds (Figure 1).  Aerial 
images with the wetland delineation are included in Appendix A (Figures A-1 through A-20). 
 
Vegetation Surveys  
 Vegetation surveys were conducted during the summer growing season at each wetland 
using a point-intercept method (US ACE, 2012).  Transects were placed at intervals of 10 m 
across each wetland starting at the edge of the wetland.  At points of 1 m along each transect, I 
recorded the species that covered that point or noted a lack of vegetation. The total vegetation 




number of points and multiplying by 100.   Species richness for each site was determined by 
tallying the total number of species found at each site. 
 
Nutrient Analysis 
 At the influent and effluent of each wetland and retention pond, three replicate grab 
samples were collected seasonally from the summer of 2012 to the spring of 2013. Summer 2012 
samples were collected from July 24 to September 15.  Fall 2012 samples were collected from 
November 1 to December 1.  Winter samples were collected from February 23 to March 10.  
Spring 2013 samples were collected from May 1 to May 9.  All samples were collected during 
base flow conditions and storm events were purposely avoided.  Samples were filtered in the 
field through a 0.45 micron nylon membrane syringe filter into a Whirlpak sample bag. The 
samples were immediately packed in ice and placed in a -20ºC freezer as soon as possible.  
Dissolved oxygen, conductivity and temperature were also measured at the influent and effluent 
of each pond using a YSI Model 85 handheld meter. 
 DOC was measured using a Shimadzu TOC Analyzer using U.S. Environmental 
Protection Agency method 415.3.  The DOC in the sample is oxidized into CO2 gas and then 
detected using a non-dispersive infrared detector (NDIR).  Total dissolved nitrogen (Lachat 
method: 31-107-04-3-A) and total dissolved phosphorous (Lachat method: 31-115-01-3-D) were 
measured by in-line digestion using a Lachat 8500 Quickchem AutoAnalyzer.  Nitrate+nitrite 
(hereafter expressed as nitrate; Lachat method: 31-107-04-1-C), and phosphate (Lachat method: 
31-115-01-1-J) were measured by in-line digestion using a Lachat 8500 Quickchem 
AutoAnalyzer.   Ammonium was measured using the phenol-hypochlorite method (Solorzano, 
1969).   
HRT & SA/V 
 The boundary of each wetland was physically traced by GPS, by following the edge of 
surface water, to obtain the circumference and to calculate the surface area of the pond.  During 
each seasonal collection flow measurements of inflow and outflow were taken.  Velocity 




the flow enters or leaves the wetland was measured for physical dimensions and depth of flow.  
From these measurements flow volume was calculated as  
Q = Velocity * Area 
In retention ponds and created wetlands where the inflow or outflow was through a partially 
filled pipe, the calculation was made by using Flow Simulator in the computer software Insight 
by Hach.   
 At each of the sampling locations the depth of the water with respect to a reference point 
was measured at multiple locations within the wetland.  Construction drawings were also 
obtained for several of the created wetlands and retention ponds from the respective town 
planning and/or engineering departments.  This data was then used to calculate the volume of 
each pond for each season in ArcGIS (ESRI).  From the GPS outline data, pond volume, and 
inflow and outflow flow rates the surface area to volume ratio (SA/V) and hydraulic residence 
time (HRT) were calculated. The surface area to volume ratios is the total surface area of the 
wetland divided by the total volume of the wetland. 
SA/V = Total Surface Area / Volume 
Hydraulic residence time (HRT) is the average length of time that water molecules remain within 
the wetland.  HRT is simply calculated as the volume of the wetland divided by the flow rate 
through the wetland. 
HRT = Volume / Q 
 
Data Analysis 
 Data analysis was conducted by performing two-way ANOVAs for the average 
concentrations of all inorganic and organic analytes as well as the changes in concentrations for 
all of the analytes using wetland type and season as fixed factors.  The average concentration 
was calculated using both the influent and effluent concentrations and represents the average 
concentration across the wetland.  The change in concentration during the flow through the 
wetland was expressed as the percent change from the influent concentration.  All data were 
checked to ensure agreement with the assumptions of ANOVA, and when assumptions were 




Two-way ANOVAs were also performed for the average ratios of DOC:DON, DON:DOP, and 
DOC:DOP as well as the changes in the ratios against wetland type and season.  Vegetation 
parameters were analyzed for differences among wetland types using a one-way ANOVA. 
Linear regressions were performed for the change in all of the analytes and ratios against HRT, 
SA/V, and vegetation parameters.  A principle components analysis was run on all variables. 
 
Results 
 Vegetation communities differed significantly among wetland types (Figure 2, Table 8).  
Natural wetlands had the greatest number of species followed by created wetlands and then 
stormwater retention ponds.  The same was also true for percent vegetation cover (Figure 3, 
Table 8), with natural wetlands covered roughly 80% with vegetation, while created wetlands 
had 40 - 50% vegetation cover , and stormwater retention ponds had minimal if any vegetation 
cover.   
 The physical attributes of the wetlands were also significantly related to the wetland type.  
Retention ponds tended to have the longest HRT times, typically many weeks (Figure 4; Table 
9), while natural wetlands had the shortest HRT times, typically several hours, and created 
wetlands had retention times of a few to several days.  As predicted based on the HRT, the 
relationship was exactly the opposite for SA/V (Figure 5; Table 9).  Natural wetlands had the 
highest SA/V ratio as they were typically the shallowest and more spread out.  Created wetlands 
and retention ponds were typically deeper and had the smallest SA/V ratios.  A significant 
difference could not be detected between created wetlands and retention ponds. 
 Analyte concentrations were highly variable among sites both within wetland types and 
across seasons. In a number of cases, the high variability was the result of extremely high 
concentrations in the influent.  In order to minimize variation, extreme outliers were removed 
from further statistical analysis.  For example, during the winter and spring Tamarack Swamp 
had extremely high concentrations of TN and nitrate (> 3,500 µg/L) in the inflow but much 
lower concentrations in the outflow (~500 µg/L), suggesting significant uptake of N within the 




sites for each of the seasons, including data removed from further analysis, are presented in the 
appendix. 
  DOC concentration was significantly different for both wetland type and season, but for 
the interaction of these factors (p < 0.01; Table A-1; Table 9).  Season was the only significant 
factor in the change of DOC, however (Figure 6; Table 2).  DOC was exported by all 3 types of 
wetlands in the spring and winter (Figure 6).  The export during the spring was greater than the 
winter.  During the summer, DOC was unchanged for created wetlands and ponds, and increased 
in natural wetlands, but with a great deal of variability.  During the fall, DOC was unchanged in 
natural wetlands and exported by both created wetlands and ponds. 
 Wetland type was a factor in determining nitrate concentration and also the change in 
nitrate concentration (Figure 7; Table 9).  In general, nitrate was retained by the ponds and 
wetlands (Figure 7), except for created wetlands in summer and fall. Nitrate was exported by 
created wetlands in summer and was relatively unchanged in fall.  Ammonium and DON 
concentrations were related to season and the interaction of season and wetland type, but not 
wetland type alone (Figures 8 and 9; Table 9).  There were no differences among types or 
seasons for the change in ammonium or DON across wetlands.  All three wetland types exported 
ammonium in summer and by created wetlands and retention ponds in fall (Figure 8).  Retention 
ponds exported large amounts of ammonium in spring.  Trends suggest that retention ponds 
exported DON in all seasons except winter (Figure 9).  DON was retained by natural wetlands in 
all seasons except fall when it was unchanged, but nearly all values were highly variable.   
 There were no differences among sites or seasons for phosphate concentrations, but the 
change in phosphate was significant for the interaction between wetland type and season (Figure 
10; Table 10). Retention ponds retained phosphate in all seasons except summer when it was 
exported (Figure 10).  All three wetland types retained phosphate in winter.  Created wetlands 
had no effect on phosphate in fall or spring, and retained phosphate in summer. Natural wetlands 
exhibited a reverse trend:  no effect on phosphate in summer, and export in fall and spring. 
Average DOP concentration was related to the interaction between wetland type and season 
(Table 10).  There was no difference among wetland types or seasons for DOP, but the trends 




winter and spring (Figure 11).  Ponds did not affect DOP concentrations except in fall when it 
was retained.  Created wetlands had mixed results DOP was exported in the spring and retained 
in the winter.  
 The DOC:DON ratio was not different among sites or seasons, but generally increased for 
most wetland types and seasons upon transit of organic matter through the wetland (Figure 12, 
Table 10).  There was no change in the DOC:DON ratio in the summer for created wetlands, for 
natural wetlands in the fall.  There was a decrease in the DOC:DON ratio for retention ponds in 
the summer and created wetlands in the winter.  The DON:DOP and the DOC:DOP ratios was 
related to the interaction between wetland type and season (Table 10).  The general trends 
suggest that natural wetlands decreased the DON:DOP ratio in the summer and had minimal 
effect during other seasons. (Figure 13).  Retention ponds increased the DON:DOP ratio in 
spring and slightly in the fall.  During the winter retention ponds reduced the DON:DOP ratio 
and did not change the ratio in summer.  Created wetlands had little effect on DON:DOP, except 
in summer when it was decreased.  The DOC:DOP ratio was not changed much by created 
wetlands either, but the variation is very large (Figure 14).  This was driven by 2 of the 5 sites, 
Barker Road and HANA.  There was a very large decrease at Barker Road (-1,027) and a large 
increase at HANA (+825).  The average of the other three sites indicate a slight decrease (-18) in 
DOC:DOP.  Retention ponds decreased the DOC:DOP in the summer and winter while, slightly 
increased in spring and winter, and increased slightly in fall. Natural wetlands decreased the 
DOC:DOP ratio in summer fall and spring and winter.  But the large variation in winter was 
again the result of 2 sites with large and opposite changes.  Bailey Road increased the DOC:DOP 
by 597, while Ballantyne decreased it by -1,038.  The remaining three sites had an average 
increase of 33.  
 The linear regression analysis yielded few significant relationships (Table 11).  The SA/V 
ratio was significantly positively related to the change in phosphate concentrations (Table 11; 
Figure 15) suggesting that wetlands with a lower SA/V wetlands retained phosphate while the 
high SA/V wetlands exported phosphate, however the correlation was weak (R
2
 = 0.17). HRT 
was related to the change in DOC:DON ratio (Figure 16); as HRT became longer the DOC:DON 
ratio decreased.  Once again the correlation was weak (R
2




number of plant species present exported phosphate while wetlands with no species or only a few 
present retained phosphate (Figure 17). 
 A principal components analysis (PCA) yielded four factors (Table 12). The variables 
loading onto the first factor (12.5% variance explained) described the physical and vegetation 
characteristics of the wetland with HRT, SA/V, species richness, and % vegetation cover. Factor 
2 (12.2% variation explained) was % change in DOC, % change in DON, % change in DOP, 
change in DON:DOP, and change in DOC:DOP  loading significantly. Factor 3 (10.5% variation 
explained) was related to phosphate concentration, DOP concentration, DOC:DOP, and 
dissolved oxygen.  Factor 4 was nitrate concentration, DOC:DON, and change in DOC:DON, 
and was responsible for 9.83% of the variation in the data.  The scores of factors 1 through 3 
were significantly related to wetland type (Figure 18).  Factor 1 was positive for natural wetlands 
and negatively tied to retention ponds and neutral for created wetlands.  Factor 2 was positive for 
natural and created wetlands and negative for retention ponds.  Factor 3 was positive for natural 
wetlands, positive for retention ponds, and created wetlands were not significantly different from 




Table 4.  Comparison of predicted and observed concentration changes for each wetland type.  
An upward pointing arrow indicates and increase in the parameter, a downward facing arrow 
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 In this study DOC was exported from all types of wetlands.  The concentration of DOC 
was driven by both season and wetland type, but the export of DOC was related only to season.  
Seasonality of DOC export has been documented previously, and may be temperature dependent 
(Koehler et al, 2009).  As temperature increases, DOC export from wetlands increases.  The 
spring of 2013 was warm and during the sampling period (May 3 – May 9, 2013) of this study 
daytime high temperatures were above average (21 – 27 °C vs 15 to 18 °C) for Rochester, NY.  
These warm temperatures may have created conditions for even greater export of DOC from 
these wetlands than would typically be expected under spring conditions.   
 As predicted, DON generally decreased upon transit through natural and created wetlands 
but increased in retention ponds, but I was unable to demonstrate a significant relationship 
between the change in DON and  wetland type or season.  However, as with DOC, the DON 
concentration was significantly related to season (Table 9), suggesting that the cycling of C and 
N are related in these wetlands.  Indeed, these two factors group together on PCA factor 2.  
However, the lack of relationship between DON export and wetland type or vegetation, together 
with the fact that retention ponds retained DON in winter, suggests there may also be physical 
processes at work that reduce DON in wetlands.  The overall lack of DON export has positive 
implications for the formation of haloacetonitriles during eventual water disinfection.  However, 
the higher export of DON from retention ponds suggests that this is an area for future work, as 
the greater the concentration of DON the more potential for haloacetonitrile formation exists. 
 I predicted that in a P-limited system, DOP would be utilized by the vegetation and 
should decrease especially during the growing season, but DOP concentrations did not behave as 
predicted. Inorganic P was not simply utilized and converted to DOP, because I did not observe 
an increase in DOP accompanied by a decrease in phosphate (Figures 10 & 11).  If these 
wetlands are indeed P limited, the vegetation may be utilizing previously sequestered soil P and 
then leaching DOP during normal biological processes.   This is supported by the regression 
analysis that showed phosphate export positively correlated to SA/V ratios (Figure 15).  
Wetlands with high SA/V ratios, or shallow wetlands with presumably more macrophytes, were 




from the remineralization of DOP to inorganic P it would have been accompanied by a decrease 
in DOP.  A possible mechanism for the generation of inorganic P in these shallow, organic rich 
wetlands is that the sediments are seasonally anoxic, leading to the reduction of Fe(III) to Fe(II) 
and subsequent release of iron-bound phosphate.  This process is more likely to occur in 
situations with high organic matter.  In addition, if plants are releasing phosphatases into the 
soils or water column to facilitate P uptake, some additional phosphate may be released during 
the growing season.  
 
Objective 2: 
Table 5.  Comparison of predicted and observed changes in DOM composition ratios. Su – 
denotes summer.  F – denotes fall.  W – denotes winter.  Sp – denotes spring.  An upward 
pointing arrow indicates and increase in the parameter, a downward facing arrow indicates a 
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 As predicted DOC:DON ratio was increased as a general trend in natural and created 
wetlands. An increase in the DOC:DON ratio is an indicator that the DOM is becoming less 
labile, which is what we would expect in these wetlands as the more labile compounds are 
consumed quickly and replaced with less labile compounds.  DOC:DON decreased during transit 
through retention ponds during the growing season as predicted, likely because of microbial 
exudates, but increased in the fall and winter.  The more refractory organic matter may be more 
of a concern for water managers as it likely contains a higher density of phenolic moieties, 




be more carefully examined in the summer time as this is the time when these compounds are 
more likely to be exported.  However, retention ponds in the summer have less potential to 
export highly humified compounds.   
 It was predicted that the DON:DOP and DOC:DOP ratios would increase for natural and 
created wetlands as vegetation utilized them as nutrients.  Since DOP was exported by the 
wetlands this turned out to not be true, and the DON:DOP and DOC:DOP ratios were both 
decreased.  However it was also predicted that as the limiting nutrient, DOP would be the driving 
factor in the ratios and that trend did tend to hold true.  DOC was increased in all the wetlands 
but despite this the DOC:DOP ratios were still dropped from greater relative increases in DOP.  
This is also supported in the PCA analysis.  The change in DOP concentration was negatively 
related to the change in DOC:DOP ratio in factor 2, and in factor 3 DOP concentration was 
negatively related to the DOC:DOP ratio (Table 12) 
 
Objective 3: 
Table 6.  Comparison of predicted and observed changes in DOM ratios as a result of increasing 
HRT and SA/V ratios.  * - denotes a significant relationship (p = 0.003).  An upward pointing 
arrow indicates and increase in the parameter, a downward facing arrow indicates a decrease, and 
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↑ SA/V ↑ ↑ ↑ ↓ ↑ ↑ 
  
 As a general trend HRT tended to be the inverse of SA/V, these wetlands had 
significantly reduced vegetation cover and species richness, as supported by PCA factor 1 (Table 
12).  SA/V, species richness, and % vegetation cover were all positively loaded, and HRT was 
negatively loaded.  The relationship of DOC:DON to HRT indicates that as the HRT of a 
wetland increases the DOM becomes more labile (less C, more N).  This is the opposite of what 
was predicted and has been previously reported (Pinney, 2000).  It was reported that when a 




labile DOC was consumed and vegetation leached more complex, less labile DOC.  However, 
here wetlands with very long HRTs are retention ponds with little or no vegetation, whereas the 
wetlands previously studied were cattail-dominated wetlands.  Thus, unvegetated ponds likely 
have higher phytoplankton and bacterial abundances in the water column, leading to less 
complex DOM than in shallower wetlands dominated by vascular plants, in spite of the 
difference in retention times. 
  
Conclusions: 
 This study has shown that in general small pass-through wetlands export DOC and DOP, 
while retaining DON.  There was some evidence that physical characteristics play a role in 
wetland export of DOM, but it was generally an indirect and weak relationship, likely mediated 
by the presence of vegetation in shallow wetlands with short retention times. In addition to 
physical characteristics, I also observed seasonal changes in DOM export.  These seasonal 
changes are driven by a number of interrelated factors, including temperature, vegetation, and 
nutrient inputs to the wetland, all of which have a strong seasonal signal. The nutrient inputs are 
also affected by watershed land use, and it is likely that nitrate inputs to some wetlands fuel 
primary production, thereby altering the influence of the vegetation on DOM export. The 
interaction between land use and vegetation structure, as it interacts with DOM processing within 
a wetland, is an important area for future research. 
 I did not evaluate DOM export from wetlands under storm conditions.  This is indirectly 
related to nutrient inputs.  Wetlands, retention ponds especially, receive different nutrient loads 
during storms.  This study was restricted to sampling under base flow conditions, purposely 
avoiding storm events. However, future sampling during storm flow will be necessary to 
complete our understanding of how wetlands affect DOM and water quality.   
 The potential of wetlands to retain DON and minimize its potential impact on drinking 
water sources is helpful in minimizing the formation of HANs.  However, the fact that retention 
ponds have a generally higher trend towards DON export is worrisome, and certainly an area for 
greater research.  The more consistent export of DOC may also be problematic for the formation 




drinking water sources, but the overall higher concentration of DOC in the wetland outflow ends 
up balancing out the effect (Pinney, 2000).  This study did not test for THM formation potential 
or HAN formation potential, but a more detailed study examining how these different types of 
wetlands affects the formation potential of these potentially toxic compounds is an area that 
deserves future study.  A more detailed analysis of how exactly a wetland changes DOM, as well 
as how those changes impact the formation of DBPs are areas of research that are important for 





Tables and Figures 
 
Table 7.  Table of selected study sites where samples were collected from the inflow and outflow 
vegetation sampling was conducted and physical structure measurements were taken during 
summer 2012, fall 2012, winter 2013 and spring 2013. 
Name Type Location Size (Acres) 
E. River Road Natural Wetland Henrietta, NY 2.6  
Ballantyne & Archer Natural Wetland Gates, NY 1.2  
Allen’s Creek Natural Wetland Brighton, NY 3.6 
Buckland Park Natural Wetland Brighton, NY 0.8 
Tamarack Swamp Natural Wetland Irondequoit, NY 5.1 
Barker Road Middle School Created Wetland Pittsford, NY 0.6 
French Road Created Wetland Pittsford, NY 0.4 
Bryden Park Created Wetland Perinton, NY 0.3 
W. Bloomfield Created Wetland Pittsford, NY 0.5 
High Acres Nature Area (HANA) Area 
1 South 
Created Wetland Perinton, NY  1.5 
RIT J Lot Retention Pond Henrietta, NY 1.0 
The Fathers House #1 (TFH1) Retention Pond Chili, NY 0.4 
The Fathers House #2 (TFH2) Retention Pond Chili, NY 0.5 
Monroe Community College (MCC) 
Ice Arena 
Retention Pond Brighton, NY 5.6 
Hidden Valley Retention Pond Gates, NY 2.1 
Lake Riley Retention Pond Rochester, NY 4.9 
St. John’s Meadow Retention Pond Brighton, NY 1.0 
Lac De Ville Retention Pond Brighton, NY 0.1 
Wellington Woods Retention Pond Gates, NY 0.9 
Erie Station Village Retention Pond Henrietta, NY 4.2 
Table 8.  One-way ANOVAs with wetland type as the fixed factor.  Significance (p < 0.05) is 
shown in bold.  *- denotes that the data was transformed by applying the square root.  **- 
denotes the data was transformed by applying the natural log (ln).  ***- denotes the data was 
transformed by applying the reciprocal (1/x). 
Wetland Type df  F p 
Species Richness * 2,17 72.62 < 0.0001 
% Cover* 2,17 65.95 < 0.0001 
HRT ** 2,77 53.82 < 0.0001 
SA/V 2,77 30.57 < 0.0001 
PCA Factor 1 2,56 37.16 < 0.0001 
PCA Factor 2 *** 2,56 0.63 0.54 
PCA Factor 3 2,56 2.06 0.14 




Table 9.  Results of two-way ANOVAs with wetland type and season as fixed factors.  * - 
denotes that the data was transformed by applying the natural log (ln) ** - denotes the data was 
transformed by applying the reciprocal (1/x).  
  Effect df F p 





  wetland type*season   0.10 0.997 
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  wetland type*season   0.79 0.578 
Conductivity* wetland type 2,78 1.62 0.205 
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Table 10.  Results of two-way ANOVAs with wetland type and season as fixed factors.  
Significant results (p < 0.05) are presented in bold.  * - denotes that the data was transformed by 
applying the natural log (ln) ** - denotes the data was transformed by applying the reciprocal 
(1/x).  *** - denotes the data was transformed by applying the power of 10 (10^x). 
  Effect df F p 
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Table 11.  Regression analysis for variables vs HRT and SA/V, and variables vs vegetation 
species richness and % cover.  Significance (p < 0.05)is denoted  in bold. 
Formula R^2 p 
% Δ DOC = -0.036*HRT+16.385 0.03 0.65 
% ΔDOC = 2.148*SA/V+9.872 0.02 0.23 
% Δ NO3 = -0.172*HRT-20.569 0.03 0.15 
% Δ NO3 = 2.171*SA/V-31.113 0.01 0.63 
% Δ NH4 = 0.130*HRT+29.218 0.00 0.20 
% Δ NH4 = 0.309*SA/V+20.128 0.00 0.30 
% Δ DON = -2.366 + 0.150*HRT 0.02 0.20 
% Δ DON = -2.038*SA/V+6.596 0.01 0.52 
% Δ PO4 = -0.145*HRT-8.329 0.04 0.59 
% Δ PO4 = 6.8599SA/V - 30.025 0.17 0.003 
% Δ DOP = -0.119*HRT+5.164 0.02 0.11 
% Δ DOP = 3.111*SA/V-6.235 0.03 0.10 
Δ DOC:DON = 1.792 - 0.039*HRT 0.12 0.003 
Δ DOC:DON = -0.293 + 0.456*SA/V 0.02 0.18 
Δ DON:DOP = -17.940 + 0.146*HRT 0.01 0.52 
Δ DON:DOP = 6.257 - 8.439*SA/V 0.03 0.15 
Δ DOC:DOP = -72.103 - 0.131*HRT < 0.01 0.90 
Δ DOC:DOP = -93.894 + 7.110*SA/V <0.01 0.72 
% Δ DOC = 12.546 + 0.555*Species Richness 0.01 0.46 
% Δ DOC = 15.971 - 0.018*% Cover < 001 0.87 
% Δ NO3 = -31.808 + 1.310*Species Richness 0.02 0.28 
% Δ NO3 = -34.130 + 0.277*% Cover 0.04 0.10 
% Δ NH4 = 68.005 - 4.8371*Species Richness 0.03 0.15 
% Δ NH4 = 63.005 - 0.615*% Cover 0.02 0.21 
% Δ DON = 6.486 - 0.977*Species Richness 0.01 0.41 
% Δ DON = 5.607 - 0.126*% Cover 0.01 0.45 
% Δ PO4 = -20.312 + 1.718*Species Richness 0.06 0.03 
% Δ PO4 = -17.651 + 0.187*% Cover 0.03 0.11 
% Δ DOP = -4.490 + 0.913*Species Richness 0.02 0.30 
% Δ DOP = -6.557 + 0.208*% Cover 0.04 0.11 
Δ C:N = 0.102 + 0.143*Species Richness 0.02 0.26 
Δ C:N = 0.290 + 0.016*% Cover 0.01 0.36 
Δ N:P = 0.443 - 0.448*Species Richness < 0.01 0.57 
Δ N:P = 4.430 - 0.197*% Cover 0.05 0.06 
Δ C:P = -78.064 + 0.533*Species Richness < 0.01 0.94 








Table 12.  PCA factor analysis table.  Variables that are significant loadings for each factor are 
highlighted in bold. 
 
Factor 1 Factor 2 Factor 3 Factor 4 
Avg Conc DOC 0.073 -0.447 0.403 -0.497 
% Δ DOC 0.125 0.530 0.310 0.417 
avg conc no3 -0.154 0.151 0.083 0.613 
% Δ NO3 0.194 -0.370 -0.264 -0.058 
avg conc nh4 -0.054 0.018 0.047 -0.190 
% Δ NH4 -0.300 -0.111 0.232 0.007 
Avg conc DON -0.020 -0.316 0.411 0.059 
% Δ DON -0.082 0.593 0.076 -0.401 
Avg Conc PO4 0.124 0.151 0.540 -0.221 
% Δ PO4 0.397 0.145 0.003 -0.175 
Avg conc DOP -0.023 -0.023 -0.519 -0.369 
% Δ DOP 0.120 -0.578 0.169 0.079 
Avg C:N 0.104 0.022 -0.079 -0.531 
Δ C:N 0.209 -0.288 -0.003 0.616 
avg N:P 0.224 0.053 0.470 0.220 
Δ N:P 0.042 0.831 -0.058 -0.069 
avg C:P 0.110 -0.297 0.705 0.067 
Δ C:P 0.122 0.762 -0.247 0.148 
HRT -0.567 0.184 0.066 -0.173 
SA/V 0.820 0.060 0.180 0.104 
Species Richness 0.911 -0.080 0.180 -0.064 
% Cover 0.853 -0.236 0.082 -0.163 
Temp. -0.264 0.048 0.484 -0.306 
D.O. 0.018 0.133 -0.602 0.342 













Figure 1.  Overview map of sample locations.  Green stars represent natural wetlands, yellow 






Figure 2.  Average species richness for natural wetlands, created wetlands, and stormwater 
retention ponds.  Error bars represent the standard error of the mean.  Significant differences are 
denoted by different letters (p < 0.0001). 
 
 
Figure 3.  Average % of vegetation cover for natural wetlands, created wetlands, and stormwater 
retention ponds.  Error bars represent the standard error of the mean.  Significant differences are 





Figure 4.  Hydraulic Retention Time for natural wetlands, created wetlands, and stormwater 
retention ponds as measured from flowrates and calculated volumes during Summer 2012, Fall 
2012, Winter 2013 and Spring 2013.  Different letters above bars represent significant 
differences between wetland types (p < 0.0001).  Error bars represent the standard error of the 
mean.   
 
 
Figure 5.   Surface Area to Volume ration for natural wetlands, created wetlands, and stormwater 
retention ponds as measured from gps traces and calculated volumes during Summer 2012, Fall 
2012, Winter 2013 and Spring 2013.  Different letters above bars represent significant 
differences between wetland types (p < 0.0001).  Error bars represent the standard error of the 





Figure 6.  Percent of DOC change measured during Summer 2012, Fall 2012, Winter 2013, and 
Spring 2013 at natural wetlands, created wetlands, and stormwater retention ponds.  Error bars 
represent the standard error of the mean.  Different letters above bars represent significant 
difference between seasons (p = .028).  Positive values represent DOC that is exported from the 
wetlands and negative values represent DOC that is retained by the wetland. 
 
Figure 7.  Percent of Nitrate change measured during Summer 2012, Fall 2012, Winter 2013, and 
Spring 2013 at natural wetlands, created wetlands, and stormwater retention ponds.  Positive 
values represent nitrate that is exported from the wetlands and negative values represent nitrate 
that is retained by the wetland.  Error bars represent the standard error of the mean.  Different 
letters below wetland types in legend represent significant difference between the different 





Figure 8:  Percent of Ammonium change measured during Summer 2012, Fall 2012, Winter 
2013, and Spring 2013 at natural wetlands, created wetlands, and stormwater retention ponds.  
Error bars represent the standard error of the mean.  Positive values represent ammonium that is 
exported from the wetlands and negative values represent ammonium that is retained by the 
wetland. 
Figure 9.  Percent of DON change measured during Summer 2012, Fall 2012, Winter 2013, and 
Spring 2013 at natural wetlands, created wetlands, and stormwater retention ponds.  Positive 
values represent DON that is exported from the wetlands and negative values represent DON that 





Figure 10: Percent of Phosphate change measured during Summer 2012, Fall 2012, Winter 2013, 
and Spring 2013 at natural wetlands, created wetlands, and stormwater retention ponds.  Positive 
values represent phospate that is exported from the wetlands and negative values represent 
phosphate that is retained by the wetland.  Error bars represent the standard error of the mean.   
Figure 11.  Percent of DOP change measured during Summer 2012, Fall 2012, Winter 2013, and 
Spring 2013 at natural wetlands, created wetlands, and stormwater retention ponds.  Positive 
values represent DOP that is exported from the wetlands and negative values represent DOP that 




Figure 12. Change of DOC to DON ratio by molecular weight as measured at natural wetlands, 
created wetlands, and stormwater retention ponds during the summer of 2012, fall 2012, winter 
2013, and spring 2013.  Error bars represent the standard error of the mean. 
 
 
Figure 13.  Change of DON to DOP ratio by molecular weight as measured at natural wetlands, 
created wetlands, and stormwater retention ponds during the summer of 2012, fall 2012, winter 







Figure 14.  Change of DOC to DOP ratio by molecular weight as measured at natural wetlands, 
created wetlands, and stormwater retention ponds during the summer of 2012, fall 2012, winter 







Figure 15.  Linear regression analysis for percent change of Phosphate vs HRT for natural 
wetlands, created wetlands, and stormwater retention ponds as measured during Summer 2012, 
Fall 2012, Winter 2013 and Spring 2013.  Positive values represent phosphate that was exported 






Figure 16.  Linear regression analysis for change in DOC:DON ratio vs HRT for natural 
wetlands, created wetlands, and stormwater retention ponds as measured during Summer 2012, 
Fall 2012, Winter 2013 and Spring 2013.  A positive value represents an increase in DOC:DON 






Figure 17. Linear regression analysis for percent change of phosphate vs species richness for 
natural wetlands, created wetlands, and retention ponds as measured during Summer 2012, Fall 
2012, Winter 2013 and Spring 2013.  Positive values represent phosphate exported by the 






Figure 18.   PCA factor scores plotted by wetland type.  (a), (b), and (c) represent significant 
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Table A-1. Table of temperature, dissolved oxygen, conductivity, and salinity data for the sample 
sites from summer 2012.  
 
Summer  2012 
wetland site Temp (°C) 
D.O 
(mg/L) Cond (µS-cm) Sal (ppt) 
Bailey 26.1 4.46 1457 0.7 
Allens Creek 21.2 8.50 651 0.3 
Ballantyne 23.0 5.23 1557 0.8 
Tamarak Swp 12.4 8.55 1182 0.6 
Buckland Pk 23.7 7.03 2170 1.0 
Barker 23.0 7.81 878 0.4 
HANA 28.5 9.81 143 0.1 
French Rd 20.5 9.15 837 0.4 
W. Bloomfield 20.4 8.35 2040 1.1 
Bryden 20.4 9.80 646 0.4 
Hidden Valley 25.1 9.13 867 0.4 
MCC 26.7 8.13 597 0.3 
J Lot 26.7 6.60 1515 0.8 
Erie Station 22.0 10.63 1461 0.8 
Lac DeVille 23.2 16.90 1713 0.9 
Lake Riley 21.3 6.33 292 0.2 
Wellington 25.7 13.75 379 0.2 
St Johns Meadow 16.7 10.40 1657 0.9 
TFH 1 27.5 8.65 434 0.2 

















 Table A-2. Table of temperature, dissolved oxygen, conductivity, and salinity data for the 
sample sites from fall 2012.  
 
Fall 
wetland site Temp (°C) D.O (mg/L) Cond (µS-cm) Sal (ppt) 
Bailey 3.0 13.60 747 0.5 
Allens Creek 2.3 14.00 1459 0.7 
Ballantyne 5.1 5.80 1351 0.7 
Tamarak Swp 3.5 12.60 1211 0.6 
Buckland Pk 1.7 13.95 999 0.8 
Barker 5.7 12.50 1177 0.6 
HANA 7.0 9.70 686 0.3 
French Rd 4.1 10.70 1086 0.5 
W. Bloomfield 4.6 15.29 1445 0.9 
Bryden 5.7 10.10 704 0.3 
Hidden Valley 7.4 14.55 1729 0.9 
MCC 6.6 10.55 726 0.4 
J Lot 3.9 15.15 1167 0.6 
Erie Station 5.4 14.00 1395 0.7 
Lac DeVille 7.8 11.65 1650 0.9 
Lake Riley 6.6 7.04 421 0.3 
Wellington 7.9 14.45 758 0.4 
St Johns Meadow 9.1 11.15 1834 0.9 
TFH 1 8.3 13.00 753 0.4 




















Table A-3. Table of temperature, dissolved oxygen, conductivity, and salinity data for the sample 
sites from winter 2012. 
 
Winter 
wetland site Temp (°C) D.O (mg/L) Cond (µS-cm) Sal (ppt) 
Bailey 3.8 12.53 1701 0.7 
Allens Creek 2.1 12.83 1834 1.2 
Ballantyne 0.9 9.05 554 0.5 
Tamarak Swp 1.0 12.70 2597 1.4 
Buckland Pk 2.9 10.79 2868 1.5 
Barker 2.2 13.65 1297 0.4 
HANA 2.2 10.05 736 0.4 
French Rd 0.9 10.60 1342 1.4 
W. Bloomfield 1.7 13.30 2045 1.0 
Bryden 6.0 4.71 1306 0.7 
Hidden Valley 4.6 10.45 1923 1.0 
MCC 2.7 11.09 1734 1.1 
J Lot 5.7 20.10 3454 1.9 
Erie Station 4.1 13.75 1314 0.7 
Lac DeVille 6.7 11.25 5727 3.2 
Lake Riley 1.0 8.09 359 0.5 
Wellington 5.0 13.50 1041 0.6 
St Johns Meadow 6.3 10.45 4403 2.4 
TFH 1 3.5 13.05 1539 0.8 




















Table A-4. Table of temperature, dissolved oxygen, conductivity, and salinity data for the sample 




wetland site Temp (°C) D.O (mg/L) Cond (µS-cm) Sal (ppt) 
Bailey 23.5 8.67 1567 0.6 
Allens Creek 22.4 8.68 1654 0.9 
Ballantyne 13.5 7.89 889 0.5 
Tamarak Swp 11.9 7.64 651 0.3 
Buckland Pk 19.7 5.01 3208 1.7 
Barker 12.5 9.80 1217 0.6 
HANA 29.7 7.21 662 0.3 
French Rd 18.7 10.30 1280 0.7 
W. Bloomfield 15.8 9.50 1670 0.7 
Bryden 16.4 7.25 522 0.3 
Hidden Valley 18.9 7.22 2125 1.1 
MCC 23.2 6.43 2700 1.4 
J Lot 24.1 8.07 1912 1.0 
Erie Station 20.8 11.21 1368 0.7 
Lac DeVille 22.4 3.66 6080 3.4 
Lake Riley 21.9 4.54 320 0.2 
Wellington 23.1 12.87 654 0.4 
St Johns Meadow 14.9 6.96 3868 2.1 
TFH 1 22.6 8.81 1102 0.6 



















Table A-5.  Table of average DOC concentrations measured at each site for each sampling 





















Site Summer (mg/L) Fall (mg/L) Winter (mg/L) Spring (mg/L)
Bailey 7.8 0.6 5.8 0.2 7.3 0.2 7.9 0.5
Allens Creek 7.1 0.9 9.3 0.4 6.9 0.3 5.6 0.1
Ballantyne 28.1 5.8 16.1 0.1 11.7 0.2 22.9 0.1
Tamarak Swp 6.5 1.2 5.1 0.5 5.2 0.1 5.1 0.4
Buckland Pk 12.1 0.4 6.7 0.1 8.3 0.1 7.0 0.1
Barker 15.8 1.4 4.9 0.3 5.5 0.3 5.6 0.2
HANA 15.6 0.6 8.0 0.7 6.3 0.1 12.2 1.5
French Rd 16.1 0.9 7.2 0.2 5.0 0.1 8.6 1.2
W. Bloomfield 7.4 0.5 5.1 0.1 4.6 0.1 4.1 0.4
Bryden 7.0 0.6 4.2 0.1 4.4 0.2 5.4 0.7
Hidden Valley 6.4 0.3 4.6 0.4 4.9 0.1 6.7 0.3
MCC 9.6 0.5 6.4 0.1 5.0 0.0 5.7 0.1
J Lot 10.4 0.3 8.4 0.2 5.9 0.2 7.5 0.1
Erie Station 6.8 0.7 5.3 0.3 5.8 0.1 4.8 0.7
Lac DeVille 4.1 0.1 3.3 0.6 3.3 0.2 4.9 0.1
Lake Riley 6.3 0.0 11.6 2.7 6.7 0.2 7.0 0.4
Wellington 6.2 0.2 4.1 0.9 3.1 0.3 5.2 0.1
St Johns Meadow 4.0 0.5 4.4 0.4 3.5 0.2 4.1 0.7
TFH 1 7.5 0.3 5.6 0.2 5.5 0.2 5.0 0.7
TFH 2 11.2 0.7 8.5 0.3 8.1 0.6 7.4 0.1




Table A-6.  Table of average TN concentrations measured at each site for each sampling season.  
(±) represents the standard error of the mean. 
TN Concentrations 
Site Summer (μg/L) (±) 
Fall 
(μg/L) (±) Winter (μg/L) (±) Spring (μg/L) (±) 
Bailey 810 41 596 42 507 23 573 46 
Allens Creek 1,057 40 941 81 959 15 938 29 
Ballantyne 2,893 75 1,564 50 708 12 1,207 24 
Tamarak Swp 2,035 225 1,708 250 1,910 308 1,703 376 
Buckland Pk 1,206 221 762 24 722 19 679 32 
Barker 2,113 69 4,661 207 2,280 133 1,921 238 
HANA 2,212 37 1,062 78 526 30 1,108 103 
French Rd 2,218 96 797 35 318 11 933 30 
W. Bloomfield 1,421 66 936 35 847 40 474 43 
Bryden 1,391 27 612 22 662 14 493 26 
Hidden Valley 635 29 1,078 73 1,068 49 899 176 
MCC 648 34 1,357 72 1,288 44 626 40 
J Lot 766 116 1,519 123 1,037 209 629 36 
Erie Station 1,808 88 1,629 200 1,749 35 1,036 288 
Lac DeVille 1,883 108 1,098 102 1,058 64 1,348 27 
Lake Riley 455 11 854 142 812 27 432 24 
Wellington 443 11 1,750 398 1,857 59 651 36 
St Johns Meadow 1,022 236 2,079 441 3,492 520 1,878 351 
TFH 1 634 55 925 68 1,091 51 847 55 
























Table A-7.  Table of average nitrate concentrations measured at each site for each sampling 
























Bailey 43 3 56 7 15 1 10 0
Allens Creek 457 4 127 5 272 9 434 2
Ballantyne 114 44 202 5 131 2 15 1
Tamarak Swp 615 215 854 240 nd nd nd nd
Buckland Pk 50 4 84 2 92 2 108 2
Barker 57 20 2,448 86 1,803 101 nd nd
HANA 44 8 16 2 9 2 13 4
French Rd 68 18 40 4 29 3 9 0
W. Bloomfield 13 1 260 13 602 26 114 50
Bryden 6 1 9 2 329 46 135 52
Hidden Valley 74 23 469 70 196 7 200 75
MCC 20 2 283 4 612 31 72 16
J Lot 279 119 603 54 423 108 86 33
Erie Station 231 103 598 44 784 17 398 174
Lac DeVille 246 1 430 6 nd nd 910 28
Lake Riley 66 20 36 6 34 2 29 3
Wellington 6 1 906 317 1,212 33 94 42
St Johns Meadow 648 279 826 302 1,745 251 1,270 437
TFH 1 11 2 319 50 566 46 280 130
TFH 2 3 0 158 1 65 6 8 0




Table A-8.  Table of average ammonium concentrations measured at each site for each sampling 
























Bailey 98 6 38 6 47 3 82 19
Allens Creek 67 7 25 6 47 2 101 6
Ballantyne 207 44 113 12 33 4 28 7
Tamarak Swp 12 3 37 10 36 4 nd nd
Buckland Pk 116 38 58 7 75 2 74 0
Barker 102 11 97 12 99 16 nd nd
HANA 74 16 204 10 111 21 177 8
French Rd 171 39 181 30 49 4 68 9
W. Bloomfield 68 15 96 10 81 6 65 9
Bryden 75 7 68 8 126 36 69 3
Hidden Valley 75 21 144 11 20 2 24 5
MCC 40 8 394 25 37 1 71 29
J Lot 26 4 109 10 21 2 61 15
Erie Station 25 8 120 25 11 2 15 5
Lac DeVille 146 16 123 7 38 2 47 12
Lake Riley 34 4 45 9 30 1 45 18
Wellington 21 4 161 6 24 3 47 5
St Johns Meadow 33 6 54 5 100 22 89 18
TFH 1 106 30 113 10 16 3 121 24
TFH 2 50 4 268 9 18 3 53 6




Table A-9.  Table of average DON concentrations measured at each site for each sampling 
























Bailey 669 39 483 45 448 27 487 27
Allens Creek 533 34 817 84 640 16 411 30
Ballantyne 2,616 93 1,249 44 543 13 1,162 26
Tamarak Swp 1,308 111 703 57 nd nd nd nd
Buckland Pk 1,152 265 620 23 554 17 466 26
Barker 2,010 95 2,116 131 323 21 nd nd
HANA 2,043 16 849 79 406 8 931 134
French Rd 2,027 153 576 40 240 8 856 39
W. Bloomfield 1,344 78 581 39 164 18 285 15
Bryden 1,316 33 535 26 207 24 314 54
Hidden Valley 499 29 459 23 855 52 639 90
MCC 588 32 687 89 653 23 479 9
J Lot 463 13 841 84 592 100 482 20
Erie Station 1,551 116 911 219 952 30 629 58
Lac DeVille 1,490 105 544 98 nd nd 412 33
Lake Riley 355 16 753 159 747 27 358 16
Wellington 418 13 675 231 621 56 477 53
St Johns Meadow 361 68 834 148 1,647 321 nd nd
TFH 1 516 35 493 45 509 26 447 117
TFH 2 692 18 716 36 646 71 621 33




Table A-10.  Table of average TP concentrations measured at each site for each sampling season.  























Bailey 10 2 239 5 42 11 63 8
Allens Creek 15 4 234 5 158 11 170 24
Ballantyne 151 12 36 2 45 8 95 22
Tamarak Swp 16 3 28 2 70 6 81 24
Buckland Pk 79 13 23 2 58 5 266 4
Barker 84 9 21 6 58 11 50 12
HANA 49 9 23 2 134 38 44 5
French Rd 133 12 29 2 63 7 43 3
W. Bloomfield 84 9 92 13 40 2 48 4
Bryden 179 6 120 17 199 71 264 10
Hidden Valley 31 3 305 20 38 5 75 17
MCC 31 8 219 17 23 2 142 22
J Lot 111 13 158 19 26 3 8 1
Erie Station 157 13 163 18 30 4 188 15
Lac DeVille 179 12 133 4 36 5 28 2
Lake Riley 26 2 91 33 17 1 18 2
Wellington 82 13 58 8 29 2 81 9
St Johns Meadow 124 9 161 12 7 2 9 1
TFH 1 191 12 75 16 42 12 53 4
TFH 2 93 24 90 8 32 2 47 3




Table A-11.  Table of average phosphate concentrations measured at each site for each sampling 























Bailey 5.3 2.1 3.0 0.1 2.1 0.7 13.5 4.1
Allens Creek 1.2 0.1 3.7 0.2 3.2 0.1 3.1 0.1
Ballantyne 10.6 1.0 11.8 0.7 5.0 0.3 6.3 0.3
Tamarak Swp 6.4 0.7 10.7 1.2 4.3 0.1 7.7 1.2
Buckland Pk 1.8 0.2 3.7 0.1 5.2 0.3 5.3 0.5
Barker 39.1 2.7 8.7 0.4 12.5 4.6 5.4 0.5
HANA 13.6 6.4 5.4 0.1 2.0 0.3 10.8 2.7
French Rd 4.7 0.2 5.6 0.8 2.4 0.8 9.0 0.7
W. Bloomfield 3.1 0.3 7.6 0.5 2.7 0.2 3.8 0.2
Bryden 2.5 0.2 3.9 0.2 3.1 0.2 3.9 0.2
Hidden Valley 15.7 4.1 6.8 1.9 5.7 0.5 7.2 1.6
MCC 4.4 0.4 3.8 0.2 4.3 0.3 2.7 0.1
J Lot 1.8 0.2 2.3 0.2 3.8 0.3 4.3 0.5
Erie Station 2.8 0.5 7.2 0.5 2.3 0.1 2.7 0.4
Lac DeVille 1.7 0.1 3.5 0.2 3.4 0.1 3.5 0.1
Lake Riley 7.7 0.5 4.1 0.6 3.2 0.1 3.0 0.1
Wellington 2.2 0.5 4.2 0.6 3.8 0.3 2.4 0.1
St Johns Meadow 4.6 0.6 7.1 1.8 5.2 1.5 6.2 0.6
TFH 1 9.1 2.7 3.3 0.3 3.4 0.5 12.5 3.9
TFH 2 3.0 0.3 7.1 0.3 4.8 0.8 2.3 0.2




Table A-12.  Table of average DOP concentrations measured at each site for each sampling 























Bailey 6.3 2.2 236.0 5.4 39.2 9.8 47.0 11.9
Allens Creek 13.3 3.6 229.8 5.3 155.0 10.7 167.1 24.3
Ballantyne 140.8 11.6 24.5 2.8 39.7 8.5 88.9 22.4
Tamarak Swp 9.5 2.4 17.0 2.1 58.7 2.1 73.5 29.4
Buckland Pk 77.4 13.2 18.9 1.6 52.6 4.9 261.0 3.9
Barker 43.6 11.0 12.4 5.4 47.9 9.9 44.8 11.9
HANA 35.0 6.4 18.1 2.3 131.6 37.9 33.4 2.8
French Rd 137.3 9.9 23.4 1.3 60.2 7.8 33.9 3.0
W. Bloomfield 80.8 9.1 84.1 13.1 36.9 1.8 42.7 5.6
Bryden 176.0 5.6 115.9 16.9 196.3 71.5 259.6 10.2
Hidden Valley 15.5 2.9 298.2 21.2 32.0 5.0 67.1 17.6
MCC 26.3 7.7 214.9 16.5 18.3 2.4 139.3 21.5
J Lot 109.7 12.5 155.7 19.0 22.0 2.7 2.9 0.2
Erie Station 154.4 12.6 155.4 18.0 28.0 4.0 185.6 14.2
Lac DeVille 176.9 11.8 129.4 4.2 32.2 4.7 23.9 2.1
Lake Riley 18.4 2.1 96.0 39.9 13.6 1.3 14.7 1.7
Wellington 79.7 13.8 53.8 6.9 24.9 3.1 79.0 9.1
St Johns Meadow 119.8 8.6 153.9 10.7 1.0 0.1 2.7 0.7
TFH 1 181.9 10.7 72.0 15.8 38.5 13.1 40.6 6.7
TFH 2 98.6 29.7 88.4 7.1 27.7 2.6 44.5 3.0




Table A-13.  Table of average DOC:DON ratios calculated by molecular weight at each site for 























Site Summer (mg/L) Fall (mg/L) Winter (mg/L) Spring (mg/L)
Bailey 13.9 1.2 14.4 1.0 19.5 1.4 27.1 6.7
Allens Creek 15.8 2.1 13.9 1.3 12.6 0.7 7.0 1.1
Ballantyne 13.6 2.5 15.1 0.5 25.1 0.8 51.8 12.1
Tamarak Swp 5.9 1.2 8.5 1.3 nd nd nd nd
Buckland Pk 16.9 5.8 12.7 0.5 17.5 0.6 4.6 0.3
Barker 9.4 0.8 2.8 0.3 20.2 2.2 nd nd
HANA 8.9 0.5 12.1 2.0 18.0 0.7 66.9 8.0
French Rd 8.6 0.5 14.8 0.9 24.6 0.8 68.9 7.2
W. Bloomfield 6.3 0.9 10.3 0.6 35.8 4.9 18.5 1.8
Bryden 5.6 0.5 9.3 0.5 25.4 4.5 3.2 0.7
Hidden Valley 15.1 0.9 12.0 1.4 6.8 0.5 41.7 18.0
MCC 19.4 1.6 11.6 1.6 8.9 0.3 10.8 1.2
J Lot 26.8 1.3 12.4 1.5 14.2 3.0 441.4 44.6
Erie Station 5.2 0.5 8.8 1.7 7.1 0.2 8.8 0.7
Lac DeVille 3.4 0.4 7.2 1.1 nd nd 47.0 7.2
Lake Riley 20.9 1.0 17.3 9.8 10.8 0.3 67.2 8.4
Wellington 17.1 0.8 9.3 3.1 5.9 0.6 16.9 2.2
St Johns Meadow 15.7 4.8 6.6 1.0 3.1 0.7 nd nd
TFH 1 17.3 0.9 13.7 1.1 12.6 0.9 46.6 22.7
TFH 2 17.4 0.9 14.0 0.8 14.9 0.6 35.0 1.9




Table A-14.  Table of average DON:DOP ratios calculated by molecular weight at each site for 























Site Summer (mg/L) Fall (mg/L) Winter (mg/L) Spring (mg/L)
Bailey 309 102 5 1 31 8 430 119
Allens Creek 83 11 8 1 9 1 91 14
Ballantyne 43 4 123 19 46 16 921 215
Tamarak Swp 365 80 105 17 nd nd 247 115
Buckland Pk 48 18 75 6 24 2 69 1
Barker 96 19 535 191 18 4 403 82
HANA 140 21 96 25 9 2 950 92
French Rd 35 5 55 4 9 1 609 70
W. Bloomfield 35 4 16 2 10 1 249 13
Bryden 16 0 11 2 3 1 55 12
Hidden Valley 81 11 3 0 76 18 420 171
MCC 67 14 7 1 81 10 114 15
J Lot 9 1 15 5 59 6 nd nd
Erie Station 23 3 16 5 79 7 72 17
Lac DeVille 19 2 10 2 nd nd 535 58
Lake Riley 46 5 31 11 126 12 1,353 217
Wellington 12 2 30 9 55 9 181 20
St Johns Meadow 8 2 12 3 nd nd nd nd
TFH 1 6 0 23 9 54 29 467 188
TFH 2 20 5 18 1 55 13 437 31




Table A-15.  Table of average DOC:DON ratios calculated by molecular weight at each site for 




Site Summer (mg/L) Fall (mg/L) Winter (mg/L) Spring (mg/L)
Bailey 4,258 1,178 64 3 620 181 430 119
Allens Creek 1,294 195 105 3 117 14 91 14
Ballantyne 611 146 1,818 218 1,176 439 921 215
Tamarak Swp 1,914 279 834 154 227 13 247 115
Buckland Pk 489 110 959 100 418 36 69 1
Barker 1,528 627 1,337 349 348 66 403 82
HANA 1,240 184 1,277 246 169 41 950 92
French Rd 296 27 805 56 226 28 609 70
W. Bloomfield 251 44 168 19 328 15 249 13
Bryden 105 13 108 20 90 30 55 12
Hidden Valley 1,221 177 42 7 458 89 420 171
MCC 1,276 285 79 7 753 111 114 15
J Lot 259 28 155 27 769 125 nd nd
Erie Station 118 14 98 15 626 39 72 17
Lac DeVille 63 4 71 12 287 34 535 58
Lake Riley 915 86 858 737 1,419 169 1,353 217
Wellington 222 42 195 62 359 64 181 20
St Johns Meadow 94 12 76 11 nd nd nd nd
TFH 1 108 5 192 34 624 289 467 188
TFH 2 346 90 246 21 800 158 437 28
(±) (±) (±) (±)
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